Abstract
Introduction
Hemorrhagic transformation (HT), which refers to a spectrum of ischemia-related brain hemorrhages, is a complication of ischemic stroke. It occurs in about 10% of patients with cerebral infarction [1, 2] . There are two types of HT: one occurs within a few days following an acute cerebral infarction, and the other occurs during the sub-acute phase (approximately 1 week to 1 month following the event) [3, 4] . Many HTs occur in an acute care hospital. A patient with HT already displays some neurological symptoms due to the ischemic stroke, and the medical staff may not notice the change in the patient's status. The patient is often transferred to a rehabilitation hospital without the HT being diagnosed. The aim of our study was to investigate the presenting conditions of patients with HT at a rehabilitation hospital, the rate of HT and the treatment methods.
Subjects and Methods
232 patients with cerebral infarctions were transferred to the recovery rehabilitation ward at our hospital between April 1, 2013 and March 31, 2014. Of these, 165 were enrolled in this study, excluding 47 patients with recurrent cerebral infarction, 12 patients who had undergone surgery and 8 patients with unavailable medical information ( fig. 1 ). The age of the patients (102 men, 63 women) ranged from 36 to 93 years. The duration from stroke onset to transfer to a recovery rehabilitation hospital was 10-64 days. The average length of hospital stay was 59.2 ± 34.1 days (range 10-210 days).
The disease types based on Trial of Org 10172 in acute stroke treatment [5] were as follows: small vessel occlusion (13 patients, Essen Stroke Risk Score [ESRS] 3.0 ± 1.5), large artery atherosclerosis (76 patients, ESRS 3.3 ± 1.2), cardioembolism (48 patients, CHADS 2 score 3.4 ± 0.8) and other types (28 patients). Based on the Oxfordshire Community Stroke Project [6] , the patients' pathological changes were classified into the following groups: total anterior circulation infarct (n = 15), partial anterior circulation infarct (n = 77), lacunar infarct (n = 28) and posterior circulation infarct (n = 45). 91 patients had previously been treated with one antiplatelet agent, 17 patients with two types of antiplatelet agents, 47 patients with an anticoagulant agent and 3 patients with both an anticoagulant agent and an antiplatelet agent; 7 patients had no history of treatment with these drugs.
The following factors were examined for each patient: Canadian Neurological Scale (CNS) score [7] at first visit, Mini-Mental State Examination (MMSE) score [8] , activities of daily living at admission and discharge using the Functional Independence Measure (FIM) [9] , use of thrombolytic therapy with tissue plasminogen activator (tPA) and prescription drugs, patient age, time from onset of stroke to transfer and length of hospital stay. HT was diagnosed by two stroke specialists using computed tomography (CT) findings at the time of transfer to our rehabilitation hospital and other imaging data from previous consultations. HT was classified according to the European Cooperative Acute Stroke Study (ECASS) guidelines [10] . The patients with HT were then further classified into two groups: (1) patients who developed HT within 1 week following the onset of cerebral infarction (early group) and (2) patients who developed HT more than 1 week after onset (delayed group). These two groups were compared with the group without HT. Statistical analyses were performed with JMP 9.02. The χ 2 test for independence was used to determine whether there was a significant association between two variables. The Kruskal-Wallis test was used to compare three groups of sample data and to determine any association among them. When a statistical significance of 5% was achieved, a multiple comparison based on the Steel-Dwass test was performed.
Cerebral infarction
This study was approved by the institutional review board of our university. Detailed explanations were given to the participants and informed consent was obtained from all patients.
Results
30 of the 165 patients (18.2%) were diagnosed with HT: 12 patients were classified as belonging to the early group, while 18 were classified as belonging to the delayed group ( fig. 2 ). There was no association between the time of HT development and the ECASS classification. We observed no deterioration in patients' symptoms.
No statistical differences were found among the three groups (the early group, the delayed group and the group without HT) in age, sex, lesion side, CNS score or duration from onset to hospitalization ( table 1 ) . However, there were significant differences in the type of cerebral infarction, lesion classification and tPA treatment. HT was not detected in any patient with lacunar infarction; however, 15.8% of patients with atherothrombotic cerebral infarctions and 31.3% of those with cerebral embolisms were diagnosed with HT. There were also differences in MMSE score, number of hospitalization days, FIM at admission and discharge, FIM efficiency and time until discharge. In particular, reduction of FIM at admission and discharge and longer hospitalization were noted in HT patients in the early phase than in those with HT in the delayed phase or without HT. 12 patients had been prescribed tPA previously, and 6 of these patients were diagnosed with HT. There were no differences in age, sex, lesion location, type of cerebral infarction, CNS score, duration from cerebral infarction onset to hospitalization, neurological symptoms and activities of daily living at admission and discharge between tPA-treated patients and non-tPA-treated patients ( table 2 ). 9 patients were diagnosed with HT using CT images taken at the time of transfer to our rehabilitation hospital. Although we did not change the antiplatelet or anticoagulant agents, we continued rehabilitation with CT over a defined period while monitoring blood pressure; we confirmed that the patients' physical conditions did not deteriorate. 
Discussion
In this study, 18.2% of the participants were diagnosed with HT; we included patients admitted for the purpose of rehabilitation within 2 months from stroke onset, while unconscious patients (severe stage) and those without neurological symptoms (mild stage) were excluded. (The Japanese national insurance system covers convalescent rehabilitation. Patients are eligible for admission to the convalescent rehabilitation ward within 2 months after the onset of disabling diseases, including stroke, traumatic brain injury, and other neurological diseases, as well as orthopedic diseases such as hip fracture. The maximal onsetadmission interval is 2 months and the maximal length of stay covered by the insurance is 150 days for stroke, 180 days for stroke and other neurological diseases with severe disability and cognitive disorders, and 90 days for orthopedic diseases and disuse/myopathy syndrome.) HT was most commonly detected in patients with cerebral embolisms; many patients exhibiting large lesions developed HT, while none of the patients with lacunar infarctions developed HT. These results are in line with those of previous reports [4, 11, 12] . Both HT groups showed reduction in FIM at admission and discharge compared with patients without HT. One possible explanation for this could be that many patients in these groups have large lesions and develop HT due to cerebral embolisms.
HT development in the acute phase is due to blood flow recirculation, which occurs when the clot that blocked the arterial blood flow to the brain moves [13] , and reperfusion of occluded peripheral vessels via leptomeningeal anastomoses. This symptom is often detected within 5 days after cerebral infarction onset. On the other hand, HT development in the sub-acute phase is mainly due to abnormal vascular permeability and an increase in blood flow, which follows diminished cerebral edema [4] . In these cases, petechiae in the affected cerebral tissues and splinter hemorrhages along the cerebral cortex are detected. In our study, the presence of petechiae was not associated with the time of onset. Massive hematomas were also detected in our study. Previous studies have shown that a higher number of massive hematomas and a significant increase in mortality were detected in patients receiving tPA treatment (ECASS) than those who did not receive this treatment. However, the development of HT without massive hematoma was not associated with worsening neurological symptoms and there was also no association between this type of HT and functional prognosis [14, 15] . Our study showed no difference in neurological symptoms and functional prognosis between patients treated with and without tPA, although HT developed with a higher incidence in patients treated with tPA. HT causes hemorrhage in the ischemic cerebral tissues. Patients undergoing rehabilitation already display some neurological symptoms due to cerebral infarction. Therefore, mild hemorrhage in the affected cerebral tissues does not always correlate with clinical outcome [16] . Paciaroni et al. [17] investigated the factors associated with worse functional prognosis after cerebral infarction in a multicenter cooperative study. They concluded that HT itself was likely to be an independent factor associated with poorer mortality and functional prognosis, unless hematoma was detected. On the other hand, Bayramoğlu et al. [18] showed that there was no association between HT development and functional prognosis, although HT was detected in 32.2% of patients with cerebral infarction who were admitted to a rehabilitation hospital in the acute phase.
When HT development and hematoma are detected during treatment, doctors cease the administration of anticoagulant agents. There was little information regarding the development of HT in the patients who participated in our study. The risk of recurrence was considered to be high based on CHADS 2 score and ESRS, therefore we continued administration with great care, confirming the absence of both symptom deterioration and hematoma enlargement through the use of CT scans. Although we supposed that HT would cause physical therapists to be reluctant to plan an active rehabilitation program, we found that HT was less likely to inhibit factors associated with rehabilitation in this study.
The limitations of our study are that the subjects were hemiplegic patients in the subacute phase of stroke rehabilitation and that patients with mild or severe neurological symptoms were excluded. Furthermore, the time at which a CT scan was performed while patients were in the acute hospital was not consistent, because the condition of a patient did not change and a CT scan could not be taken every day. However, we conclude that rehabilitation can be continued for patients who have already developed HT at the time of transfer to a rehabilitation hospital in the acute phase of cerebral infarction, but careful observation of the symptoms and CT scans over a defined period must be maintained.
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